Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Ubram 

Tr 

,M5 








A NEW SYSTEM 



OF 



INLAND CONVEYANCE. 



^ 




^^> 



A NEW SYSTEM 



OF 



INLAND CONVEYANCE. 



t 
* 



r 

t 



'\ 



i 



> ■ 



^4k 

■•^r^ 



« 



• ■ t 



'NEW SYSTEM 

OP 

INLAND CONVEYANCE, 

FOR 

GOODS AND PASSENGERS, 

CAPABLE OF BEING 

APPLIED AND EXTENDED THROUGHOUT THE COUNTRY; 

AND OF CONVEYING ALL KINDS OF 

<§ooDi^, Cattle, ann $asi^enser£f, 

WITH 
. THE VELOCITY OF SIXTY MILES IN AN HOUR, 

AT AN EXPENSE THAT WILL NOT EXCEED 

THE ONE-FOURTH PART OF THE PRESENT MODE OF TRAVELLING, 

WITHOUT THE AID OF 

HORSES OR ANY ANIMAL POWER. 



By GEORGE MEDHURST, 

CIVIL ENGINEER, 
DENMARK STREET, SOHO, 

Xontion. 

LONDON : PRINTED BY T. BRETTELL, RUPERT STREET, IIAYMARKET. 



MDGCCXXVII. 



•JS^ 



' - • - 



• • - 






NEW SYSTEM 



OF 



INLAND CONVEYANCE. 



1 HERE is no art that has ever engaged the assi- 
duity and energy of mankind, that is of such 
general utility, of such immediate and unbounded 
importance, of such innate and intrinsic value to 
the civilized world, as that of the conveyance of 
goods and persons from place to place, over the 
surface of the globe. 

It is not only of itself of the highest value, but 
it creates and constitutes, in a very great degree, 
the value of all other things ; for a great part of 
the natural produce of the whole earth is value- 
less to mankind for want of the means of convey- 
ance, and the greatest part of the artificial produce 
is valuable only in proportion to the facility with 
which it can be conveyed to a market. 

The immense capital, and innumerable hands, 
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that are employed, in this country, upon this 
object, and in those arts and manufactures connected 
with it, is an abundant proof of its importance, and 
of the estimation in which it stands in the vigorous 
minds of the British people. 

A great proportion of the learoing and science 
which embellish and dignify the mind of man, owe 
their birth and origin, their value and consequence, 
to this source. Many of the most sublime discoveries 
in philosophy and astronomy, many of the finest 
inventions in mechanics and the arts, and many of 
the most profound secrets of nature, have been 
investigated and developed, to advance, improve, 
and enlarge this magnificent and comprehensive 
science. 

It therefore stands the first m dignity in the 
highest cla$s ; ^nd h^s attracted the sagacity and 
policy of ^ nations, of all ^^s, and pf the brightest 
talents in every age. It U the fountain, the 
current, the sinews, and the bulwark, of that 
superlative power, wealth, an4 supremacy, that 
b«^s ever been, and still is, the reward of tiiose 
■people that embrace, an4 with honour maintain 
J^his envious dis^nction ^nd glo^ou§^qfiula;tion. 

The extensive step th^t is here advanced tpwards 
the perfection of an art so usefu}, ^^o nec^s^ary, so 
honourable, and. 90 munificent^ will form a new 
epoch in the history of mankind, will stacnp ^ new 
value upon all the productions of ^rt and nature, 
and add immensely tq the ric^ejs, the ^len^our. 
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tiie freedom, tii6 happiness, the iscience, and the 
miUzatian of the whole world. 
' This Hew system is founded upon the WtU- 
known and wonderful properties of common air — 
the most powerM and universal, mechanical agent 
within the reach of mankind; created and per- 
petually maintained by the hand of nature through- 
out all the re^ons upon the earth ; not withheld 
firom any creature, or from any spot ; but is at hand 
in every climate, from pole to pole, ever ready to 
^exert its utmost force, or to dispense with its own 
essence, for the service of mankind. 

The force of air confined in a tube is well known, 
and the destruction it produces is often one of the 
most deplorable circumstances that degrades the 
image of the Supreme. To extend the dvil em- 
ployment of this powerful guardian and dreadful 
avenger, of this excellent servant and obedient 
slave, is a consummation devoutly to be wished ; 
and this essential service it virill effectually perform, 
without exciting any of ks fiuy or resorting to any 
thing dangerous in the composition, the pressure, 
or confinement of it ; but, by its uniform and steady 
inipiiilse, it will always be prejmred, with perffH 
subordination, to confer this extensive benefit upon 
mankind. 

In order to apply this principle to the piu*pose of 
conveying goods and passengers from place to 
place, a hollow tube or archway must be con- 
structed the whole distance, of iron, brick, timber. 



or any material that will confine the air, and 
of such dimensions as to admit a four-wheeled 
carriage to run through it, capable of carrying 
passengers, and of strength and capacity for 
large and heavy goods. The tube or aerial canal 
must be made air tight, and of the same form and 
dimensions throughout, having a pair of cast iron or 
stone wheel-tracks securely laid all along the bottom, 
for the wheels of the carriage to run upon ; and 
the carriage must be nearly of the size and form 
of the canal, so as to prevent any considerable 
quantity of air from passing by it. 

If the air is forced into the mouth of the canal, 
behind the carriage, by an engine of sufficient 
power, it will be driven forward by the pres- 
sure of the air against it; and, if the air is 
continually driven in, the pressure against the 
carriage, and consequently its motion, will be 
continually maintained. 

The interior dimensions of the canal, to answer 
the purpose of internal conveyance effectually, 
should be 6 feet high and 5 wide =30 feet in 
area. This will admit a carriage sufficiently large 
jfjsff passengers, and, in general, for all portable 
goods. 

There will be no necessity for the carriage to fit 
very precisely to the canal, so as to be worn away 
by the friction against it, or to increase the re- 
sistance of the carriage; for if there is one inch 
of open space all round, between the carriage and 



the sides of the canal, the quantity of air that 
will escape through that opening will not exceed 
the twenty-fifth part of the whole that is forced 
in, and which may effectually be compensated by 
increasing the power of the engine in the same 
proportion. 

It has been found by many experiments, and by an 
apparatus upon a large scale, made for the purpose, 
that the force required to drive the air through an 
aperture of 1 inch square, at the rate of 30 feet in a 
second (or 20 miles per hour), is 6 drachms per square 
inch, moving at the same rate. And the force re- 
quired to drive the air through a tube of 1 inch square, 
und 56 feet long, at the rate of 30 feet per second, 
is 20 drachms per inch, moving at the same rate. 

Therefore the resistance, by the friction of the 
air against the sides of the tube, is 14 drachms, 
moving 30 feet per second, or as fast as the air 
is moved ; and as there are 2,688 superficial 
inches in the sides of the tube, it amounts to 192 
inches per drachm, which is the resistance the 
air meets with by the friction against the sides 
of the tube of 1 inch square, in passing through 
it at the velocity of 30 feet per second. 

In tubes of the same form, and of different di- 
mensions, the resistance will be in the proportion 
that the surface bears to the area. 

In a canal of 30 feet area, and 6 feet by 5 in 
dimension, the proportion oi^ the area to the sur&ce 



i& 65 times greater than it is in a tube of 1 inch iit 
area:; and, tkerefenre^ the resistance of a surface aS 
12,480 inches, in a canal of these dimensions, wilb 
amount to only 1 drachm, moving at the rate t& 
SO feet per second, or to 47 inches in length, in a 
canal that is 264 inches in circumference. 

In a canal tlmt is 30 feet in area, and twenty 
miles long, there are 334,540,800 square inches: 
of surface, which wfll give a resistance, bj fidetion, 
equal to 26,806 drachms (or 1041b&)^ and which 
must move 30 feet per second to be of sufficient 
power to balance this resistance. 

In different degrees of velocity, the resistanccy 
by friction, will be, as the square of the velocily ; 
that is, the weight raised must be as the velocity^ 
and ther height must be in the same proportion. 

. Therefore, if the velocity be 60 nules per bour^ 
which is 88 feet per second (instead of 30), the 
force to maintain that velocity, against the resists 
ance by friction, will be equal to 3051bs. moving 
88. feet per second 

The quantity of air contained in a canal of SO feet 
in area, and 20 miles long, is 3^68,000 cubic feet^ 
^ weight of wluch is 23<7>9801be., or lOfi tons 
18 cwt, and the pressure fA it against the sides of 
the cwal will be 2,240,23& tons. All the air within 
the canal must be in motion during the performance 
at the same rate^ ^. 8:8 feet per second. 

The tifiie requiired by.a ialMng bo4y te acqfHire the 



velocky of 88 feet per aecoild, is 3.75 seconds ; and 
the spiu}e it will £i^ through, in that time, will be 

laofeet. 

' Therefore, the forbe required to put this body 
of air in motion, aa»d give it the velocity of 88 feet 
per second, must be sufficient to raise a weight of 
2S7,9801bs. lao feet high ; and if tiiis is to be done 
in 20 minutes (the time that the air is to move SO 
miles), it will be equal to 5451bs. moved or lifted 
up 88 feet per second; and this is the vis inertia' 
of the body of mr, or the force that is requisite to- 
give it the motion of 88 feet per second, acting' 
upon it SO minutes. 

Therefore, as the resistance the air will meet 
with, by friction, is SOSlbs., and the resistance, by 
the vis inertia, is fi451bs., it will require a feree of 
SflOlbs., moving 88 feet pe^ sebond, to keep the 
atr* alone in motion, at the rate of 60 miles per 
hour, in a canal of SO feet in area, and SO miles^ 
long. 

The power required to impel a weight upon a' 
weiL-made carriage, running upon ati even iron 
rbad, wifl be the 60th part of the weight; and 
therefore a we^bt of 5 tons, with 10 cwt. for the 
wei^ of the carriage will be impelled by a force 
of flOiS^,, moving at the Mme rate^ viz. 88 feet 
per second. 

Fronr hence i<i wHI appear, that the power 
nabefeswy to convey 5' tons cf goods through a 
cattal of 30 feet in ai^ea, at the rate of one mile in 
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a minute, must be equal to the raising of a weight 
of l,05dlbs. 88 feet high per second^sequal to the 
force of 9S98401bs. moving one foot per second,= 
equal to the labour of, 185 horses, and will be 
produced by the consumption of 6 cwt. of coals 
per hour; and, in this time, 5 tons of goods will 
be conveyed 60 miles, which is not one halfpenny 
per ton per mile. 

. The greatest impulse upon the carriage loaded 
With 5 tons, will be 61bs. lOoz. per square footzzl2 
drachms per square inch ; and the greatest density 
of the impelling air, within the canal, will be at the 
commencement, and this density, compared with 
the atmospheric air, will be as 2,188 is to 2,160, 
which is no more than the 77th part greater than 
its natural density, and less t^jian is expressed 
by 4 divisions of the barometer — a difference too 
small to be perceived by any person within the 
canal. 

One single canal will answer all the purposes of 
conveyance both ways, without any impediment, 
and with very little delay ; for one part of the day 
may be assigned to the conveyance one way, and 
another part to the conveyance the contrary way : 
but the system would certainly be more complete 
by having two,— one to convey one way, and one 
the contrary. 

But it is quite impossible that any accident 
^ould happen in a single one, by any mistake 
in any attempt to go the wrong way, for the 
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air that drives the carriage one way, will 
prevent any thing from coming the other. And) 
carriages that are going the same-Wtff, in the ! 
same canal, can never overtake or run foul of each L 
other ; for the air that is between them will prevent j 
their approach ; and if one, by accident, should bei 
unable to proceed, then the air could not proceedtt; 
and those following would be stopped also. r 

Any irr^ularity would be instantly shown by 
the impelling engine, which would be retarded 
or stopped by any impediment in the way, 
although it may be many miles distant ; and in 
any part of the line, a barometer, communicating 
with the internal air, would instantly indicate any 
change that takes place in the density of it. 

The impulse necessary to drive 5 tons of goods, 
upon a level road of iron, is 20dlbs., the 60th; 
part of the weight ; and, if the carriage was placed 
upon a declivity of I foot in 60, it would descend 
by its own weight ; consequently, if it is to ascend 
1 foot in 60, thQ impelling'power must be doubled 
(or made equal to 4101bs.), and the whole impulse 
or labour of the engine would be increased to 
l,2601bs. (or about one-fifth more). 

But, in going up hill, it is only the goods that 
win require a greater impulse, and not the air, for 
that is borne upon its own wings, and floats in its 
own element, and will as easily move upwards as 
downwards. 

The quantity of air that is necessary to be driven 
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into the canat of 30 feet in aarea, to drive the air 
0» mile9 p^ hoar, will be 9,640 etibic feet per 
seccmd;; ami the density of the interiial air to the 
external hais been shown to be as 8498 is to 
%l^. But,. if the carriage ascends M ekvation 
of 1 foot in 60, the internal density w91 be 
increased to be, as 2,105 is to 2,1 60, M enable 
it to ascend ; and the proportion of the density f<jT 
its moving on a level, and ascendii% an deration 
of 1 foot in 60, will be, as 2,188 m to 2,193^ t^ 
augmentation being the 81 2th part. 

The additional quantity of air that must be thrown 
into the canal to produce this^ increased density, will 
be according to the distance it is from the begiimiiig, 
or from the engine itself. If the distance is 1& 
miles, the additional quairtity of air would be 
thrown into the canal in the 312th part of 10- 
mirrates, which is less than two^ seconds; and so 
in proportion for any greater distance. By this 
IiBfer,>timt n^ sensiUe dieck will be perceived in' 
dscendihg a moderate eievatioc^ fnntf any defi- 
ciency of the power; for that -deficiency will be 
made up in a few seccmds at the distance df 10, 
15, or 20 miles tiom the engine. 

And, if the election is I foot in SO (eqaal to 
364 &et in a mile), it wfli be saffkdent ta enable 
8 carriage to pass from one end of the king(klni< tor 
the othar ; .and the engine would charge the canal 
with.air to that density at the distance of it&milei^, 
in. W or l& seomds. 
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AH tununga in the canal should be avoided aa 
much as possible; and, if unaYoidaUe, should be 
made in the largest circle that can be admitted* 

If the fore axle of the carriage makes an angle 
of 15 minutes with the hind axle, and the axle& 
are 10 feet apart, it wiU cause the carriage to turn 
a quarter of a circle in going 1760 feet, which will 
be abundantly sufficient for any deviation, from ar 
straight line that need to be made in tiie canal ; 
and this requires the fore axle to be moved only 
one-fiftieth part of an inch to make an ao^e o£ 
15* mioutes of a d^ree. 

The canal- might be built of brick or of timber,, 
apdf may be lighted within»le by a very narrow sdip 
of glass, to run all along the top of the canal, and 
guarded by a slip of wire^work. A canal of 30 
feet in area, and c^ 26 feet exterior dimensions^ 
will be 137,280 feet in a mile. If built of brick, 
of one brick and a half in thickness, the cost wiU 
be £ JLO per square ro4 or £.5,420 per mile. 

A cast-iron road^ consisting of two parallel lines 
of irgo, of the weight of Ifflbs. per foot in lengthy 
will weigh ^frtons per miler which, at £.16 per ton, 
will be £.768 ; lajringdown, £.232 ; and the glazing 
H*on frame and wire-work £.1,000, makiijg » total 
of £.75^20 per ayle^ A steam engb^ of 1 85*horse 
power, with the maehinery necessary to force the 
air into or out of the canal, will cost £.20,000 ; and 
onebeii^ placed at each 20 miles distance upon 
the road> wiU amount to £.1,000 per mile, making 
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the expense £.8,420 per mile. Levelling the 
road, preparing the ground at the end and begin- 
ning of each stage, the value of the land, and 
contingencies, estimated at £.1,600, will increase 
the sum to £.10,000 per mile. 

The loading and discharging of the loading, at 
the beginning and end of each stage of 20 miles, 
will be attended Avith some difficulty, and must be 
managed with care, method, and contrivance. 

The beginning of the canal must be closed with 
air-tight, gates, that the air may be driven through 
the canal ; and the air must enter the canal through 
an aperture in the side of it, behind the carriage ; 
but the end that is farthest from the engine may 
be always open. . 

When the carriage arrives at the end of each 
stage of 30 miles, where it must stop to deliver 
and receive goods, it is evident that, going at 
the rate of 88 feet per second, it cannot be stopped 
suddenly, for that would dash it to pieces, and 
every thing in it ; but if it is made to ascend an 
elevation of a proper height, it would stop of itself, 
without injury, or any violence or danger. 

It has been shown, that a body falling by its 
own weight will acquire a velocity of 88 feet per 
second, in falling 120 feet ; and, therefore, a body 
moving horizontally, with this velocity, will ascend 
to the height of 120 feet perpendicular before it 
would stop, if there is nothing to stop it but its 
own weight. But, the moment the carriage gets 
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out of the canal, it meets \yith the outward aif^ 
which immediately presents a resistance, while 
under that velocity, equal to 5 cwt.; and this 
resistance, gradually diminishing, would stop it in 
passing upon a level for the space of 550 feet. 

Hence, the carriage may be made to rise just as 
much as is required or convenient, according to the 
situation of the place, by placing the elevation 
nearer or farther irom the end of the canal. If it 
rises 10 feet perpendicularly, it will be sufficiently 
elevated to pass down, by its own weight, into the 
mouth of the succeeding canal, to continue its 
journey. 

A steam engine, for this purpose, must have a 
cylinder 30 inches in. diameter ; and must make 
30 ten-feet strokes per minute, working a fly 
wheel with a treble crank, each crank working a 
pump containing 1,760 cubic. feet of air, which 
pump must be 14 feet in diameter and 12 feet 
deep, and the three pumps will throw a continual 
stream of air into the canal amounting to 2,640 
feet per second. 

These pumps should be made of wood, open at 
bottom, and bound with hoops, like a vat; tod 
should be jdungedup and down in a bason of water, 
by which means they would not require a piston, 
would work without friction and without grease, 
would lose none of thdr contents, and would remain 
perfect as long as. the material would endure. . 

In some situations a fall of water may be 
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dhtahied Mfficiendj powerful Co produce the full 
^tkct, especially if the canal is smaller than tSie 
iditiieiisions heve given, or the motion slower ; for 
the power bdng as tlie square t>f the velocity, a 
velocity -of 20 miles per hour wonld be given by 
iOXi lengioe of the power q£ SO horses. 

And tibere is no situation in which the power of 
the wind might not be inade to produce a regular, 
pennanenl^ and continual mechanical power, to a 
mery gneat esitent, so as to answer the purpose, in 
«n effectual manner, where fuel cannot be ppocured. 

The machinery for the pumps, if designed to be 
worked by steam, may be made and arranged as 
fdlows :-— 

Fig. 1. — Af the cylinder of the steam engine, 
with its piston, parallel, condenser, regulator, &c. 
ms usuaL jB, the beam,€Oiineeted to the fly wheel 
£>, by the shaft C. 

In a line of the axis of the fly wheel, must be 
placed three »ngle cranks, a» ft, c, at the distance 
cf 16 feet from each other, and making an angle 
with each other of 120 degrees. These are each 
connected by rods cf, €, Jl to their respective pump 
'beams, g, my"^, /,— and 4, k^ which move upon 
Hbto centre g^ h^ and f, and are connected at then* 
4rtliw ends by the rods £, /, f», to the air vessels 
4V Pi ^9 that are to rise and fall, in a bason of 
Wftter^ either to force <l)e air into'4;fie canal, or to 
draw it out, as Occasion reqtikes. 

The^air vessdis are ke]^ in ^ parallel position by 
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1^ ^%hft beam ^ thebt low^er extreme ; ttey eack 
h^Fe a 4oubte pipe fixed under thwi with their 
«il0]iiths just above tbe wal;er» furnished wilh proper 
valves, and communicating with the canal. Through 
tbe«(^ pipes the air will pass into the canal, bj the 
motion of tbe pumps ; or be drawn &om it^ and 
dise^i^t^ il^to the open air* as required, bj turning 
the QQfiih either to impel or to exhaust it. 
. Whm the carriage is to go through the canal, 
ieowL jtbe ei^oe, the w must be forced into the canal 
behind it ; but, when it is to go the contrary way, 
.tbe ^me eogine k to draw the air out of the canal, 
#pd rari^ the air before the carriage, that the 
atmospberM; air naay. press into the canal behind 
the carriage, and drive it the contrary way. 

When the carriage is going out from the engine, 
it will get into motion immediately the air is driven 
in behind it, and in a few seconds will acquire its 
^imate velocity ; but when it has airived at the 
t^ of: the <^oaJ[» at SO miles distance the air will 
i^ontinue it$ rapid motion i^er the enghie is 
:st^q^^pe4j, and wiU cox^inue to move with a de- 
<:rea3iiS(g velocity for 1 hour, by ita <^ivn momentum. 
. F<ff. it haa beeo «htiwn, that the lime required to 
giye % y^imXy of 88 &et per seoond to a body or 
Wfi^t» hy itK owa weight, is 8.75 seconds ; and in 
the mfm time it would ^stq> it, if opposed by its 
own weight. But, if this weight of air, amounthig 
to S37,d371h»^ im cmly the friction of the canal 
to $tpp iU whidi k Zfy&lla., it. wiU coijKtinue its 
naoMoii I hoi^ after tbe^agine has ceased to ii 
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it, and nothing could resist its progress but time; 
for so great a weight would burst the canal, and 
immediately get vent, if attempted to be stopped in 
too short a time. 

On the other hand, when the engine begins to 
draw the air out of the canal, to draw the goods 
backward (or in towards the engine), it will be 15 
(DT 20 minutes before the air is rarified at the 
farther end of the canal, at 20 miles distance, and, 
consequently, before the carriage can begin its 
motion homeward. So that there must be an 
interval of one hour and a half, in every stage, 
before the motion can be changed, except there 
are two canals, one to go constantly one way, and 
one the other. 



It is practicable, upon the same principle, to form 
a tube so as to leave a continual communication 
between the inside and the outside of it, without 
suffering any part of the impelling air to escape ; 
and, by this means, to impel a carriage along upon 
an iron road, in the open air, with equal velocity, 
and, in a great degree, possessing the same advan- 
tages as in passing withinside of the tube, with the 
additional satisfaction to passengers of being un- 
confined, and in view of the country. 

If a round iron tube, 24 inches in diameter, 
be made, with an opening of 2 inches wide in the 
circumference, and a flanch 6 or 8 inches deep 
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on each. side c£ the opening, it: will leave a channel 
between, the.' flanches/ and an : opening into the 
tidbe. If the flanches of this .tube are immersed 
in water up to the circumference, as represented in 
EiG. 3, where i», a» is a section of the tobe ; b the 
channel ; and c, c, the surface of the water. 

:If such a tube is laid ^ along upon the ground, 
with the iron channel immersed in a channel of 
water, up to m, and a .piston or box ma;de to fit it 
loosely, and pass through it upon wheels or rollers, 
this box, driven through the tube by the air forced 
into^ it, may give motion to a cariiage' without, by a 
communication through the channel and the water. 

No air can pass out of the tube while the channel 
is immersed in water, unless the air is of such 
density as to force the water out of the channel, 
and then the air will follow it and escape ; but there 
is an opening made for a bar of iron to pass from 
the running box, in the interior of the tube, down 
through : the water ton, to which a rod or crank 
may: be. brought from the carriage ;in the open air, 
and from that receive its motion. 

: If .the channel is immersed 6 inches deep, it will 
bear a! pressure of 4oz, per, inch, which is 
lOaib?- in the whole tube of 24 inches in diameter. 

A round tube of iron, 24 inches in diameter, and 
halfandnch thick, with two flanches 6 inches deep^ 
will consist of 533 cubic inches per foot in lengthy 
2,814,240 in 1 mUe, and 28,142,400 in 10 
nxiles;: and the weight will be 314 tons per mile. 

c 
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The quantity of interior surface in this tube is 
904 square inches per foot in length, 4,777,844 
per mile, and 47,773;»440 in 10 miles. The 
proportion of the surface to the area is as 1 to 5.5 ; 
and, compared with a tube of one inch in area, it 
will be as 1 to 22. Therefore, the resistance, hy 
friction, which the air will meet with, moving 30 
feet per second, through a tube of these dimensions^ 
and 10 miles long, will be equal to 42]bs. moving 
virith the same velocity. 

The quantity of air contained in a tube of this 
diameter, each foot in length, is 4,976 cubic inches ; 
in one mile, 15,204 feet ; and, in 10 miks, 152,040 
cubic feet. ^ 

The weight of this air is ll,4211bs. (5 tons^ 
2 cwt.) This weight wiH give itself the velocity 
of 30 feet per second, in one second ; and, there-^ 
fore, the 1800th part of the weight, viz. 61bs. 5oz., 
acting upon it 1800 seconds (or 30 minutes), and 
moving SO feet per second, will produce the same 
effect, and will be equal to the vis inertia of 5 tons, 
5 cwt. moving 30 feet per second. 

A carriage, loaded with IS persons, and of the 
weight altc^ther of 2,0001bs, will be impdled, 
upon a level iron road, by a force of 331bs. ; and^ 
l&erefore, the force required to impel the air 
thro:ugh a tube 24 inches in diameter, and 10 
miles long, at the rate of 20 miles per hour, with 
.a carriage carrying 12 persons, will be equal to 
8SAbs. moTing 80 feet per second ; and the pressure 
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dganut tte inside caiTiage» op bbx, will he db2. 
9 drachms per aqiiare ihch, eqpial to the pressure 
of 5.4 inches high of water, which is equal to 
the mechanical power of 5 horses ; and wiU be 
maiatained by llSlbs. of ci3als for 3 hours and SO 
minutes. 

The weight of the tube being 314 tons per mile, 
at £.12 per ton, will be £.3,768 per mile. If the 
icon road, and the laying down, be £.1,600 per 
mile, the whde prepiuration wiH amount td 
£.0,368 per mile. 

In consequence of its tying in a channel of 
water, it must, of course, lie lerel ; and cannot be! 
made to rise or fall gradually, as the canal wiU. 
But it may be made to asciend at intervals, without 
stopping ; for, if the tube was made to raise up 
into another level, of not more than 10 c»* 12 feet 
higher, the carriage would ascend^ and fotiow it 
up an indining plane, by the force of its own 
velocity, risii^ over the height, and th^n sinking 
down into the channel, it would go on, in the 
higher level, as before. 

But the greatest oligeetion to this mode, and of 
the dimdnsiotis, is, that it is exposed to the wind; 
which would not only vary its velocity, but, the 
power being so feelde, it would entirely stop it, 
when any strength of vrind was against it ; while 
the carrh^ witlnn the aerial canal cannot be 
affected* by tke winds nor the weather, by' the 
frost HOT the snow, but m%ht cOittinue its course, 
under dl the vieiscotudes of nature, from one end 
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of the kingdom: tO the other, so that a man might, 
breajkfast inXondon, dine at Edinburgh^ and return: 
ta Loqdpn within twelve or fourteen, hours of his de- 
p^ui'e ; and his travelling expenses, for this transit 
pf 800. miles, would be paid with one sovereign^ 



. A PLAN to combine the two. modes together^- 
that the goods may be conveyed within the canal, 
and a communication made from the inside to the 
outside of it, so. that a carriage may be impelled 
in the open air, to carry passengers, would be an 
improvement desirable and practicable. : It must 
be eflrected.without:the aid of water, tbat.it may 
rise and. fall as the land lies;, ; and it must give a 
continual impulse to the outside carriage, without 
suffering the impeUing air to. escape. 
• For this purpose, there .must be some machinery 
which will diminish the simplicity, make it more 
expen^ve, and more liable to be disordered,, unless 
executed in the most substantial and perfect 
jQ^nner ; but, by skill, by experience, and sound 
workmanship, it may be accomplished in various 
ways, one of which I will, describei- which, I 
pi^sume, will evince the practicability of it. . 
' In /order to make this in the best manner, thq 
top pf the. canal..shoiild be ,made of wrought-iroa 
(or; copper) plates, rivetad t<^ether,: and ^ riveted. 
9II ojong, on one si^e, to.a cast-iron rail securely 
lai4 upon the top of one of; the side walls ; and 
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made to shut down close, and air-tigKt, upon a cast- 
iron rail laid firmly down upon the other side wall. 
In order to make the plate shut down air-tight 
upon the cast-iron rail, without being riveted lo 
itjthiBre'^ should be a groove all along, tipon the' top 
and inner edge of the cast-iron rail, and a thin edge 
of iron riveted to the plates all along, to fall into 
the groove; then,' if the groove is partially filled 
•with some soft and yielding substance, as cork, 
wood, leather, hemp, &c. the thin iron edge will 
bed itself into it, and shut so close that the air will 
Tiol escape, with so light a pressure as 1 pound per 
square inch. * 

' The plate that is to form the top of the caftal, 
Ijeing thus prepared, may be lifted up out of the 
groove two or three inches high, in any particular 
•place of the side that is not riveted ; and, when 
let down again, the edge will fall into the grbbve, 
by the spring and weight of the plate, arid stop 
.close as before. 

. Therefore, if there is a large and light ii*oh 
wheel fixed in the front of the interior carriage, 
:and close to the side wall on which the plate shutss 
iftto the groove ; and if this Wheel is planted to 
stand two inches higher than the under side of the 
..covering plate, this wheel, as it passes along,' will 
'Constantly lift up the plates, and make an opening 
of two inches wide, or^ more, and 8 or 10 feet long ; 
and, when the wheel has passed, the plate will fall 
down into the groove, arid close the joint, as before. 
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Through this opeif ing, a bar of iron inay pass, 
that is fix^ to the interior carriage^linay project 
over 4;he side 'wall, and the outer end may be 
attached to the exterior carriage by a chain or 
«trap^ and pull it along upon its own wheels and 
wheel track, winch ^ould lie aloi^ by the side o£ 
ihe wall of the cSemal. 

The iron bar will not touch any thing as it 
passes through the opening, for the iron covering 
ttiay be lifted up two or three inches high ; but the 
b&r hieed not be more than one inch in tiiickness. 

And, whatever the opening is, the air tliat 
escapes through it will not retard the prepress of 
the carriage, but rather assist it ; for the air that 
^escapes is not the air that is driven into the canal 
to impel the carriage, because this is before the 
Tane, and not behind it, where the impelling air 
must be. The air that is before the vane requires 
a great impulse itself to drive it fbrward through the 
canal; and, therefore, the more that escapes out of ity 
{the less id the density and resistance of the remainder. 

But if th& opening in the canal should, contrary 
to my ju^^ment^ be found objectionable, it is not 
at all impracticable to communicate any force from 
the inside to th6 outside of the canal, without the 
umallest opening, and without the aid of any fluid, 
leitvii^ the. canal, on all sides, perfectly impervious 
to the air, even under the heaviest pressure of many 
atmospheres. 

This, and a gieat variety of schemes, applicable 



• 



93 

to various imrposes and relative to various parts of 
tliis system, are omitted, that my work might not 
exceed the limits I had prescribed. 

Fig. 4 is a section of the in^de of the canal 
a,a,a^a ; and the iron top b, b, with the cast-iron 
plate OQ the top of the wall Cy c, and a, d, with the 
groove Of and the edge of the plate shutting intd 
it, n, n, represents a section of the lifting wheel 
tiiat IS to project above the plate, and to lift it 
up as it rdls along under it, to admit the iron 
arm m^ m, from the carriage, to pasd through into 
the qpen air, to draw the outside caVriage. The 
dotted line represents the top plate as lifted up. 

When the carriage is turned, to go the other 
Way, the lifting wheel ii, n, and iron arm m, m, 
must be shift;ed to tl^ other side of the camiage 
9t ^c^ that they may be on the opening side 
of the top. 

The iiou plate, .on the top of the canal, will 
weigh 41bs. per square foot, and 2(ttbs. every 
Sodk in ki^h ; this, with the labour of riveting 
tc^ether, and to the side, with the two side 
plates of cast iron^ will cost £.1 per foot in length, 
or £.5,280 per mile. 

The two sides of the canaU of 6 feet high each, 
and the bottom of 7 feet, will be 19 feet of brick- 
work eadi foot in length ; 100,390 feet in a mile, 
equal to S68 rods; whidh, at £.10 pet rod, is 
£.8,680 per mfle. ^ 

:..; The two iron roads^ one within and one without 
the canal, £.S^00O per mile ; the engine, £.1,000 ; 
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the expense for levelling/ einbaBking,&c.^ £.1,600; 
the whole wiiU amount to £.185560 rper mile. 
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' The same principle, and the same &nn, may. 
be advantageously applied to convey goods and 
pas^ngers ih the dpen air, upon a common road, at 
the same rate of a mile ih a minute, or sixty miles 
per hour; and without any t)bstnictidn9 except, at 
times, contirary winds, wMch may retard its pro- 
gress, and heavy snow, which may obstruct it 

If a square iron tube be formed, 2 feet on 
each side, 4 feet in area, with three sides, and 
one-half of the top, of cast iron, the other half 
of the top uiade of plate iron ; or copper, to lift 
up and shut down in a groove in the cast-iron 
semi-top plate, as before described ; and if a strong 
^t^d light box or frame be made to run upon 
wheels, within' the tube, and an. iron arm made 
to pass out, through the opening made by lifting 
up the plate; as before described;, this arm may 
give motion to a carriage in the open air, and 
upon the common road, without any mil-rway, if 
the pressure within the tube is made strong 
enough for the purpose. 

/ The opening of the iron plate .should^ be made 
in ,the middle. of the top, so that the irto arm 
may pass out, and- stand upright a . few. inches 
above the . top, to which the strap should be 
attached, to communicate motion to 4;he carriage. 
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The frame or box, within the tube, should h^ 
10 or ISl.feet.loQg, and must be guided by Avheels, 
on all sides, as lai^e as can be admitted, and as 
truly formed and planted a^ possible ; the number 
will be fourteen or sixteen^ 
. A pston, or vane, must be formed near the 
middle of the frame, to intercept the air, and must 
be leathered all round, so as lightly 'or barely to 
touch the sides of the tube* 
I. The inside, or middle: of this vane, should be 
open, and the opemng filled, up and closed by a 
valve, suspended by an axis across, the middle of 
the opening, so that this valve,! by. turning on its 
axis, may open the vane, and suffer the air to 
pass through, and prevent its impulse upon the 
vane and carriage, or, by closing the valve, inter- 
cept the air, and give it motion. 
^ By this means, the conductor of the carriage 
may restrain and Umit the velocity, and stop th^ 
carriage, at any time and at any place, by a com- 
munication from the valve, through the openings 
to the conductor on the outside ; and this will be 
done without the least violence, shock, or. chance 
of disordering any thing, either within or without. 

Fig. 5 represents the vane within its frame 
m, fli, «», m ; the outside edge of the vane, a^ b, c, d, 
-is leathered all round, and the middle part, 09 p, g, r, 
is open, and is to be closed by the double valve» 
•that is to turn upon its vertical axis-^j^^* The 
ivalve will shut, half on one side of -the vane 
a, b^ Cf df and half OU: the other. ; . wh^ it .^ is ; ^^t, 



die 4iir will be 4nterce{ited, luad ishe inqpulae of the 
air wifl be given to die ouriage ; but^ when the 
Valve is tarned a '({oarter of a circle^ it psesents its 
6dge tadie air, and lettves the interior of the vane 
open for the air to pass by UBobstnicted, when the 
oairiage will gradually be stopped, by the friction 
of the road and the resistance of the outward air. 
it may be put in motion again, as soon and as 
gradually, by closing the valve. 

j», 49, M, m, is the box, or oipea frame, that is 
to pass throu^ the tube, on the wheels n, «, n, n. 
Mi to support the vaaoj and the kon an», and to be 
impelied by Uie air in the tube. 

Fig. 6 is a section of i^e kon tube, with the 
wrought-iron 86ttt-top, ^ i, riveted to the flanch^ 
and represented as lifted up by the projection of 
the wheel under it ; and of the crocked iron arm fh 
as it is to come out throu^ the opening, and stand 
up fioa* the carnage to be attached to it 
*' T^e semi-top of cast iron, o, |9, is to be screwed 
upon the tube by the flanch p^ and, at the edge Cf, 
is a small projection, which the edge of th^ 
Wrought iron is to cover, to prevent the rain or 
dust from entering into the tube* ; 

' Fbg. 7 represents a pait of the tube, with the 
«enu>4op as Kbfted up at m, and the section <^ the 
crooked mm, arm, », as it is to pass out. of tht 
openin^^ beades the wheel that lifts iL 

The iion tube- ^ould lie in tl;ie ground, wiJli the 
top of it a few inches above the sUrfiace ; and the 
^wriage sbotid ntti ^ver il, with the wheels on 
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each side; then the mm fBomn n; would draw tht 
carriage in the fbirest position. • 
' Hie opemhg being, in this plan, made in the 
middle of the top oF the tube, instead of the sidi^, 
the lifting wheel will act either way, without 
being remored ; but the iron arm that passes 
through the opening (to draw the carriage), as 
wen as the arm that is to pass through (to open 
and shut the valve), must be changed to the other 
side, when the motion is changed to ia contrary 
direction. 

If the carriage is attached to the regulating am 
that is to pass through the opening, and that arm 
is supported by the main bar, the effect will be, that» 
if by any acddent the diain should let go its hold 
of the arm, the inside valve would instantly fly open; 
and the vane, being no longer impelled, would soon 
stop of itself, and the chain might be replaced. 

The road, or track, for the wheel, should be 
iteised, to keep it dry; it should also be prepared 
d the best materials, paved with some hard and 
heavy stone, and be fenced in by paling, by embank- 
ing, or by a live fence, to prevent any cattle ^or any 
person from doing injury or causing accident. 

The outside c^riage should be SOieet long, and 
not more than 8 feet wide, with a vertical edge be- 
fyre and behiad, as represented in the finontispiece^ 
that it may piass through the air with the least 
resistanoe £roni the exposing winds, or the pacific 
atmosphere. 

The wheels should be as light and 4us sirmg as 
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jKiissible; Md, to this end, the interior should be 
filled up ; if they are 5 feet diameter, they must 
lam toutid 6 times in a sefcond, and the top of the 
,wheel will move at the rate of 180 feet per second; 
* . The wheels should be fixed to their; respective 
axles, and each wheel should have its own axle 
;and its own spring, that the wheels may partake 
of the imevenness of road, without affecting' the 
•carriage. 

^ llie interior surface of a tube, 2 feet square, 
will be 96 inches per inch in length, 1,152 siquare 
iqches per foot, ' 6,082,560 inches per mile,. and 
131,651,200 uichesin 20 miles. 
. The piroportion of the area to the surface is 6 
jto 1 ; and the resistance, bytheinction of the air 
against the sides of a tube 20 miles in length (the 
ftir moving "88 feet per second, 60 miles per hour), 
will be equal to 3021bs., moving at the same rate, 
oif 26j6761bs., moving one foot per second, 
r The. quantity of air contained in this tubei each 
foot ' in length, ; "is ' 4 feet cubic; in one mile, 
21,120 feet; in 20 miles, 422,400 feet The 
weight of the air: in 20 miles will be 3r,7301bs. 
(14 tons, 3 cwt) ; but, as the density will be in- 
jcreased, by the force of the engine, in the pro- 
pQ}*tion of 16: to 15, the wei^t will be increased 
jto.33,8401bs., ;and !the momentum -c^ this weight* 
inoving;:88 feet, per second, is.'eqoal to aweightof 
t771b^.> moving -88 feet per second,' for . 20^ minuses ; 
in which time the air will have passed' from otie 
^nd of the tub^ to Che otibter. . ' 
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If the weight of the carriage and load is 6,OQ01b8.^ 
the. resistance it will receive upon a common road/ 
by the friction of the wheels, will be a 30th part, of 
the weight ; it will, therefore, be 2001bs., moving B8 
feet per second. And if the road rises 1 foot in 30/ 
or 176 feet in a mile, the force must be double, 
viz. 4001bs. 

' The surface presented by the front of the carriage 
to the air, as it passes through it, cannot be less 
than 15 square feet; and the carriage going at. the 
rate of 60 miles per hour, the still air: will present 
a continual resistance of iSl601bs. 

From: these calculations it will appear, that the 

force necessary to convey 5 tons of goods 60 

miles. per hour, upon a common, road, will be as 

follows/. — lbs. 

Resistance by the friction of the tube ..... 302 

Resistance by the vis inertia of the air ... 77 

Resistance by the wheels of the carriage 400 

. Resistance by the ambient air 260 

winch amounts to l,039lbs. moving 88 feet per 
second, or lib. 13oz. pressure per inch upon the 
vane, -which . is^ equal to the power of 182 horses, 
and wUlbe ! maintained by steam engines 20 miles 
apart, and by the consumption of 6 cwt. of .coals- 
per hour, which, according to the price of coals in 
liohdon, does not amount to two farthings- per ton. 
permile!!! 

A cast*iron square tube, of 4 >feet in the, area,> 
with' one half of the top. open, with the flanches on^ 
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eadi side^ and being half an inch in thidoiess, ^ill 
iveigfa 1501b8. per foot in lengthy and 79^0001bB. 
per mUe^ eqpial to S5S tons* 

If two tubes are kdd dovm upon tbe same road, 
one to convey one way and one the other, their 
weightwin ainouBt to 700 tons per mile, which,' 
at £.10 per ton, will be £.7»000 per mile. 

If the movable plates be estimated at £.500 
pet mile eadi tube, laying down, tte tube, and 
making the road, at £.lj0OO per imle each ; two<> 
engines at each station, at 20' miles distance, at' 
£.20,000 each, will be £.2,000 per mife ; thes 
wiiole expense of this mode of conveyance will 
be £^12,000 per mile. 

If a double lime of this road is laid down throo^ 
the kingdom, with branches to the most eminent 
places of trade and cornmexce, it might amount to 
1,000 miles, aaid the expense to £.12,000^000. 

Abiiottgh the perfeeticm of this work is not to 
be obtained, but by tiiae, skilly experience, and the 
wealth of a nation, yet,, upon, a smaller scale, and 
less rapidity, the expense will be moderate^ and 
within reach\; and thevadue «f it,. coni{Mu:ed witir 
the present mode of con veyano^- would be abnn-» 
dantjy advantageoua and desirable. 

A smaU tube, of 6 inches diameter,^ mi^ be 
pi!^uii^. and laid down^ at.' £J3,000 per miie^ 
which would convey passengers, in a. connnoBf 
carriage, jupon a common rbad^ at the rate of 15 
mUe^ pec haur,~a rapidity that is far beyond the 
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Yiew» or even the hopes, of the most saAgume,' 
upon any principle that has hitherto engaged the 
attention of mankincL 

In the jear ISIO, I published a short account o£ 
this invention, entitled, '^ A New Method ^camey-- 
mg^ Letters and Goode by Air ;" and, two years after^ 
wards, I puUished some calculations and remarks: 
tending to prove the practicability of the scheme. 

These puUications met with that indiffarence 
and contempt, which usually attend all attempts 
to deviate so widely from established customs; 
fior it is the fate of evary one who dares to 
wander out of the beaten :path, in search; of fame c»> 
fortune, to encounter innumerable obstacles thrown 
in his way^ by the habits, the prejudices^ and the 
interests of mankind; \f he is unsuccessful in 
his pursuits, ridicule and ruin are always ready to 
present themselves, to a^ravate his misfortune. 
If truth and science should, declare in his &vour, 
they are of such feeUe influence, that envy and 
interest. eagerly combine to snatch from his trem-- 
bUng hand the sapless sprig of fadii^ laurel,^ 
which the apathy of the world reluctantly bestows 
upon his^labour. 

Such are the views of an ardent mind, to give 
wings to the commerce of the worid, from shore 
to shore; and no one can say. how £u* it is possibly 
to create new principles of power, and invent new 
modes of i^plicationt that may open a boundlessr 
scene, and lan inexhaustible source of improvemmt 
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upon the sea; : But. even, that grand . and pdausihle' 
desi^ of steam navigation was above a hundred 
years in working its way, through multitudes ofi 
opponents and mountains of prejudice, into public 
favour; who then shall dare to. obtrude again into: 
this dangerous province? who shall presume to. 
suggest an innovation against the terrible .expe- 
rience of ages; or to advise. the fearless and confi-:* 
dent veteran liow he may outstrip the winds, and 
set at delShnce the utmost fary .of : the enraged, 
elements? ; , . . 

" This eternal blazon,^', perlmps even now, sits 
trembling upon the lips of time, . fearful of. being: 
also doomed to wander many ages on the banks of 
despair,' an object: of pity, of poverty, and I of 
contempt. . . 
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Afteu all is done that this system can embrace, 
thc#e will still remain- a vast extent of the country, 
and -many thousand miles of road, that this aeriaL 
eanal cannot reach. ; 

There is still a' boundtess field for- the appli- 
cation of steam in another mode, which, will very; 
fkr suipass in economy, conveniency, safety,. expe. 
dition, and ease, the means of travelling that stage 
coadies, by horses, ever. can attain. ..... i : 

' This application of steam; to ax:arriage I. have; 
put in actual practice, and have, at this time, twoi 
carriages, with a: steam engine to: each, thajt are: 
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capable i>f going upon the common roi^ from £ to? 
miles per hour ; one of them is capable of carryii^ 
4 persons, ssid both are driven entirely by steaM. 

ThiA first of these was made in the year 181 9i 
aT^ tried with success, in the N^w Road) betvi^eeti 
Paddii^ton and Islington, on the 3rd of Aprils 
1820, and again on the 6th of July, the same 
year; it was, at that time, made chiefly of tid^ 
but was afterwards renewed, and Bdade of copper, 
and exhibited in the same road, on the 3rd of May^ 
ISSl, and again on the 12th of June, in the saiM 
year, when it must h^ve been seen, by some hun- 
dreds of pedple, passing through the streets kktQ 
the road, through the turnpike gates, and tip and 
down Paddington HiU, at the rate of 5 miled p^ 
hour, carrying one person, and its own fire, wateiv 
and fueL The same carriage was again exhibited^ 
on the same ground, in a more perfect state, on 
the Sdth of June, 1821. 

Another engine and carriage W^as then ptit in 
hand, upon an enlarged scale, and more perfect 
and substantial machinery ; they are both now in 
k :finished state, and ready for sale. The last ^ill 
carry 4 persons, at the rate of 7 miles per hoan 
with its own fuel and water for one hour, with 
which it feeds itself continually. 

The progress of this scheme has been delayed 
for some years by a most severe family affliction ; 
and, finally, a heavy and irreparable loss. It will 
be resumed, and shortly exhibited in a state of 

D 
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progressive ifiiprovement, in full confidence of 
approaching maturity. 

But I am not accountable to any individual^ or 
to the public, for any delay or variation in my 
design on these subjects, as I am under no promise 
or obligation to any one ; and my humble 
situation, and slender means, are an ample apology 
for all delays that have or may occur. 

For although I have long paid my adoration to 
this aerial and invisible deity,— have devoted the 
leisure of many years to the contemplation of the 
virgin virtues of this celestial stranger, I have not 
solicited oi accepted of any aid, mental or material, 
of any one living; and, therefore, this free-wiU 
offering is entirely my own, — ^the pure effulgence of 
en untaught mii^, and of limited talents ; and, as 
«uch, I dedicate to the world this jevtrel of inesti- 
nsable value, explored and discovered in the mines 
of experimental philosophy, by the eye of reason, 
briefly polished by the wings of fancy and en- 
thudasm, to display the latent brilliancy, ' and 
refulgent water, 'of this mechanic ' gem, which 
is here unveiled for the admiration and enjoyment 
of fisitureages* . . / 
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